Abstract: Access to quality public transportation is critical for employment, especially for low-income and minority populations. This study contributes to previous work on equity analyses of the U.S. public transportation system by including the 45 largest Metropolitan Statistical Areas (MSAs) in a single analysis. Year-2014 Census demographic data were combined with an existing 2014 dataset of transit job accessibility. Then, transit equality and justice indicators were developed and a regression analysis was performed to explore trends in transit job accessibility by race and income. The findings suggest that within individual MSAs, low-income populations and minorities have the highest transit job accessibility. However, the overall transit ridership is low, and in certain MSAs with high transit job accessibility both high and low income populations have high access levels but middle income populations do not. Within individual MSAs, on average, accessibility differences by income are greater than accessibility differences by race. The relative importance of race versus income for injustice increases with MSA size. In upper mid-size and large MSAs, differences by race increase. Also, the differences by race are greater among low-income populations. Accessibility-related equality and justice indicators are only one of many issues that comprise the wider discussion of equity.
Introduction
To provide the public with high levels of mobility, planners of the early twentieth century focused on increasing the speed of travel through private automobile ownership. However, investment in roads has been unable to keep pace with growth in vehicle travel, environmental consequences have made the goal less achievable (Handy, 2002) , and funding for aging road infrastructure has been insufficient for maintenance (ASCE, 2017) . Additionally, automobiles are expensive for low-income populations (Shen, 1998) limiting the social and economic participation of people without a private vehicle. In recent years, communities have shifted from encouraging mobility to encouraging accessibility with a specific focus on sustainable transport (e.g., walking, cycling, public transport) (Bertolini, Le Clercq, & Kapoen, 2005; Mihyeon & Amekudzi, 2005) . Improving accessibility is an increasingly important indicator and a common goal in many transportation plans in U.S. cities (El-Geneidy & Levinson, 2006; USDOT, 2012 ; USDOT Office of the Secretary, 2012) . Public transport may play a key role in improving accessibility for populations that cannot afford private vehicles.
The USDOT requires Metropolitan Planning Organizations (MPOs) to satisfy Title VI of the Civil Rights Act of 1964 as well as other federal statutes and regional equity policy priorities (Sanchez, Stolz, & Ma, 2003) . The U.S. Federal Transit Administration publishes the discriminatory actions prohibited under Title VI regulations (i.e., nobody should be excluded or subjected to discrimination when receiving federal financial assistance based on race, color, or national origin). Despite the existing regulations, people of color and underserved communities have been segregated, displaced, or discriminated against as a result of the negative impacts of transportation planning and urban renewal programs in the U.S. (Kain, 1968; Rose & Mohl, 2012; Sanchez, et al., 2003) . Environmental justice studies (starting in the 1960s-1980s) that assess exposure to environmental risks (e.g., polluting industries, vehicle traffic) have been extensively reported (Clark, Millet, & Marshall, 2014) . Transport modeling and cost-benefit analyses have primarily focused on adverse environmental impacts (Martens, 2006) which are easier to measure than social impacts (Manaugh, Badami, & El-Geneidy, 2015) . Although public transit is a particularly important system for underserved communities, the social impacts of transportation decisions are less clearly defined (Karner, 2016) .
Transit accessibility indicators measure the impact of land-use and transit infrastructure decisions on an individual's opportunity to participate in activities at various geographic locations (Geurs & van Wee, 2004) . Transit equity indicators assess the impact of land-use and transit developments on populations with the greatest potential need for public transportation. Consequently, simultaneously assessing accessibility and equity indicators may help inform policy and design decisions aimed at increasing transit equity (Bocarejo & Oviedo, 2012) . Relationships between transit use and Socio-Economic Status (SES) have been documented in studies of single U.S. cities (e.g., Grengs, 2010; Hu, 2015; Shen, 1998; Welch & Mishra, 2013) . No studies have explored this relationship across multiple cities; thus, limiting the ability to assess overarching trends across cities. We aim to address this gap by presenting a cross-sectional analysis of the current status of equity in transit access in U.S. cities. We present results from the 45 largest Metropolitan Statistical Areas (MSAs) to assess whether the trends identified in cityspecific analyses are consistent at a national scale. We assess transit equality and justice using the following two indicators for each city: (1) the Gini index of cumulative accessibility and (2) the difference in accessibility between low-income non-Whites and high-income Whites. We also perform a regression analysis using our cross-sectional dataset to explore differences in accessibility by race and income. While our analyses offer insight into trends among cities, accessibility-related equity indicators are only one of many issues that comprise the wider discussion of equity (van Wee & Geurs, 2011) .
2
Literature review
Indicators of accessibility
Accessibility measures the ease of reaching destinations or activities (i.e., combining spatial aspects of land use and the transportation network) rather than impedance across the network (El-Geneidy & Levinson, 2006) . Accessibility has been defined in various ways, e.g., the potential for interaction with opportunities, the ease of reaching any destination using a specific transportation system, or the overall benefits provided by a given transportation system (Bertolini et al., 2005; Bhat et al., 2000; Bocarejo & Oviedo, 2012) . The concept of accessibility was introduced in the 1950s by Hansen (1959) as "the potential for interaction " and Weibull (1980) who considered accessibility as a property of the configuration of opportunities for spatial interaction (Geurs, Krizek, & Reggiani, 2012) . A more precise definition of accessibility, proposed by Geurs & van Wee (2004) , is "the extent to which land-use and transport systems enable (groups of) individuals to reach activities or destinations by means of a (combination of) transport mode(s)." Also, Geurs & van Wee (2004) classified existing indicators into four groups: infrastructure-based, location-based, person-based, and utility-based. The literature describing the measurement of accessibility is relatively rich and significant differences exist among measurement methods (Linneker & Spence, 1992) . Typically, accessibility indicators focus on specific components of access (e.g., employment) or specific transportation systems (e.g., public transportation) (Geurs & van Wee, 2004) ; the indicators typically include both an impedance factor (e.g., time, cost, etc.) and an attractiveness factor of the destination (Geurs et al., 2012; Handy, 2002) . A widely used group of accessibility indicators measure the number of potential opportunities that can be reached within a predetermined travel time or distance from a given location. However, an implicit assumption in many accessibility indicators is that available demand for opportunities is uniformly distributed across space or that available opportunities have no capacity limitation (Shen 1998) ; thus, in reality, accessibility by its definition is unevenly distributed. Furthermore, previous studies show that (for measures of job accessibility) inclusion of occupational matching (i.e., whether residents in close proximity to job opportunities have the required skills or education) has a strong effect on indicator performance (Fan, Guthrie, & Levinson, 2010; Geurs & Ritsema van Eck, 2003) .
In general, the literature suggests that accessibility indicators often address different components of transportation systems and that no single indicator captures all important factors (e.g., level of education, occupation type, job market) in addition to the spatial attributes of the transportation network and destinations. While limitations exist for each method, recent advances have allowed for generating some indicators on a national scale (e.g., Owen & Levinson, 2014) allowing for assessment of trends at a national (rather than city) scale. For a detailed comparison, and guidance on how to evaluate accessibility indicators see Geurs & van Wee (2004) .
Equality, justice, and accessibility
Transit and land use planning decisions often have significant equity impacts. Bullard (1994) defined three basic types of equity based on the extent disadvantaged communities are exposed to regulatory, geographic, and social discrimination. The concepts of equality and justice commonly create a basis for equity analysis in the literature (e.g., Clark, et al., 2014) . Transit equality refers to the even distribution of costs and benefits of transportation services across the population within a geography (e.g., MSA or county) regardless of income, social class, need, or ability. In this sense, equity cannot be seen as the spatially uniform distribution of benefits in a geographical region since that approach ignores varying population densities or the varying needs of all residents (Foth, Manaugh, & El-Geneidy, 2013) . Transit justice refers to the prioritization of the population with the greatest potential need for subsidized services with respect to income and social class or need and ability (Welch, 2013) , often implemented in order to remediate the prevalent disproportionality of accessibility. Prioritization of equality or justice could result in different policy goals depending on the context. Also, philosophical differences exist in how to implement findings in practice. For example, the Rawlsian principles of justice would suggest that the least advantaged groups should receive the greatest benefit while the Utilitarian view of Liberalism would support the idea of the greatest benefit to the most people (Pereira, Banister, Schwanen, & Wessel, 2017; van Wee & Geurs, 2011) . Martens (2012) suggests that applying accessibility as a transport good cannot be strongly shaped by the principles that govern the distribution of income. Rather, accessibility should be guided by a distinct transport policy that may include components of equality and justice. For further reading on the philosophical and legal basis of transportation equity see Bullard, 1994; Litman, 2002; Martens, 2016; Martens, Golub, & Robinson, 2012; MTC, 2009; Sanchez, et al, 2003 .
When selecting a single (or a combination of) indicator(s) to assess transit policy decisions, different impacts on different population groups should be considered. Manaugh et al. (2015) suggest that the application of social equity indicators should specify the impacts and improve the inclusion of disadvantaged groups. Previous studies have used indicators such as the Gini or Theil index (Ramjerdi, 2006) to operationalize transit equality and differences by SES groups (e.g., income level, vehicle ownership, language barriers, etc.) (Delbosc & Currie, 2011; Sanchez, et al., 2003) to operationalize transit justice. Karner & Niemeier (2013) suggest that the use of a combination of indicators in one index to capture more than a single SES variable does not always accurately reflect a group's travel behavior since composite groups may not congregate spatially; thus, these indicators may reflect some combination of the group's travel behavior combined with other residents of the areal unit used for analysis. For guidance on transit equity as a component of social exclusion see Bocarejo & Oviedo, 2012; Burchardt, Le Grand, & Piachaud, 1999; Chen, & Akar, 2016; Currie & Delbosc, 2010; Kenyon, Lyons, & Rafferty, 2002; van Wee & Geurs, 2011; Witter, 2010. Since metropolitan areas are increasingly investing in public transportation systems, it is critical to address both obstacles and opportunities that planning for equity is likely to face when intersecting with politics (Bullard & Johnson, 1997; Bullard, Johnson, & Torres, 2004; Grengs, 2002; Whitt, 2014) . Transit investments can be evaluated from many perspectives, e.g., user costs and benefits (e.g., accessibility, fares), service quality (e.g., congestion), external impacts (e.g., pollution, noise), economic impacts (e.g., economic opportunities, employment), and regulation and enforcement (e.g., traffic regulation) (Litman, 2016) . Making balanced decisions toward the successful realization of social equity goals has proven challenging (Behrsin & Benner, 2017; Walker, 2008) and requires a clear understanding of local political ecology to navigate potentially conflicting goals; for example, whether transit investments should reduce the overall number of private cars or serve vulnerable populations who have few transport options (Grengs, 2010) . Martens (2006) argues that existing transit modeling and cost-benefit evaluation practices are demand-based, which exaggerate the benefits of automobile-oriented investments. He suggests that more robust indicators of transit accessibility that include both spatial (e.g., number of jobs) and personal (e.g., physical ability, financial budgets) characteristics rather than travel time alone would more accurately measure the benefits of transit.
2.3
Key findings from city-specific analyses of transit equality and justice
MPOs typically assess whether a target group receives the same benefit or burden as the total population to evaluate equity of transit accessibility (Karner & Niemeier, 2013; Manaugh et al., 2015) . Changes in accessibility to desired (work and non-work) destinations or differences between transit and car accessibility levels are often evaluated (Golub & Martens, 2014) ; some studies use multi-criteria decision mak-ing and simulation models to forecast changes in travel behavior (Bills, Sall, & Walker, 2012) . Metrics originally developed to assess income inequality (e.g., Gini Index, Theil Index) are currently the most widely used indicators to assess transit equity (Franklin, 2005) . Many studies have used the Gini Index to measure transit equality and found that the indicator is useful for representing the overall degree of inequality due to its scale-and demand-independence (Bertolaccini & Lownes, 2013) ; however, it is sensitive to boundary characteristics (Delbosc & Currie, 2011; Feng, & Zhang, 2014; Ramjerdi, 2006; Zhicai, Qingyu, Zhongning, & Hongfei, 2008) . Researchers (e.g., Franklin, 2005) have proposed more mathematically complex indicators to address the limitations of the Gini Index; however, increased complexity may make such indicators difficult for practitioners to apply. In addition to the use of more conventional methods, Karner & Niemeier (2013) recommend sensitivity analyses using activity-based models, different areal units, and composite indicators since variation in target populations and the definition of equity may affect the analysis.
Transit justice suggests that greater allocation of resources should be provided for more economically, socially, or physically disadvantaged groups or geographic areas. There is no single standard indicator of transit justice (Welch & Mishra, 2013) since equity standards vary (Bills & Walker, 2017) . However, a common approach is to compare gains between SES strata (e.g., income deciles) both within transit mode and among all modes (Bureau & Glachant, 2011) to help identify existing access gaps within or between the study areas (Litman, 2002) . The target population groups are typically defined based on either single SES variables or composite indices (Foth, et al. 2013) .
Previous city-specific analyses of transit equality and justice report mixed findings depending on the context of the study. Kain (1968) introduced the spatial mismatch theory; subsequently, many cityspecific analyses have shown associations between increases in racial minority population and decreases in job accessibility and transit service (Dumas, 2015; Golub, Marcantonio, & Sanchez, 2013; Grengs, 2001; Hickey, Lu, & Reddy, 2010; Wells & Thill, 2012) . However, other results have been mixed; for example, some studies found shorter commute times for Black workers as compared to Whites (Zax, 1990) , while others found shorter commute times for Whites from predominantly minority areas (Taylor & Ong, 1995) . Some studies report that low-income and racial minorities have higher transit job accessibility than medium and high-income groups and Whites (Chen & Akar, 2016; Grengs, 2012) ; similarly, dramatic variations in job accessibility exist depending on residential location (Blumenberg & Ong, 2001 ) and vehicle ownership (Grengs, 2012; Shen, 1998) . Karner & Golub (2015) demonstrated the critical role of the data source (e.g., census data vs. ridership data) in determining the outcome of a service equity analysis. In general, results from city-specific analyses suggest variation in the degree to which disadvantaged groups are associated with levels of job accessibility by transit (Hess, 2005) . The mixed results suggest the need for a multi-city investigation of the social equity of transit accessibility (which is the goal of this study) to assess variation in trends across cities.
Methodology
Our analysis utilizes two publicly available datasets that measure job accessibility by transit and U.S. Census-based SES. We develop two analyses to explore equality and justice trends across 45 U.S. cities and compare to previous studies that focus on a single city. First, we provide descriptive trends among cities using an equality indicator (Gini Index) and a justice indicator (differences among SES groups). Second, we develop regression models to compare associations by race and income groups.
Accessibility and demographic data
We obtained a 2014 transit job accessibility dataset from the Access Across America project managed by the Center for Transportation Studies at the University of Minnesota. In this project, a cumulative opportunity indicator of accessibility was used to identify the number of jobs that are available within a 30-minute threshold. The transit travel times were evaluated from each Census Block centroid based on a detailed pedestrian network and published transit schedule data. The researchers used Open Trip Planner (OTP), an open-source multimodal trip planning and analysis tool, to calculate the transit travel time. Travel time calculations were repeated for departure times between 7:00-9:00 am at one-minute intervals.
The accessibility values for all departure times were averaged to indicate the number of jobs that are accessible between 7:00-9:00 am from each Census Block. For further reading on the accessibility indicator see Owen & Levinson (2014) . We obtained demographic data from the U.S. Census Bureau's 2014 ACS 5-year estimate dataset for all 45 MSAs for which the accessibility data were available. Since the Census Block level data do not contain household income data, Block Group (BG) was used as the spatial unit of analysis. Accessibility data were averaged to reflect population-weighted mean job accessibility (MJA) at the BG level according to Equation (1): (1) where Ā is the population-weighted mean job accessibility (MJA) in the target area (i.e, county or MSA). A i and P i are the average job accessibility and the corresponding population living in the BGs. Only the population in the labor force (18-64 years old) were included in the demographic data since the accessibility dataset only reported access to jobs. Selected SES variables used for further analysis were primarily income and race (auto-use and English speaking ability were assessed in sensitivity analyses). The resulting BGs (n = 103,834) have a total population of 158,477,134 that consists of 54.0% White, 14.1% Black, 7.4% Asian, and 21.7% Hispanic populations. The mean BG population is 1,526. The MJA is 37,005 for Whites, 47,413 for Blacks, 74,604 for Asians, and 47,030 for Hispanics. The accessibility data combines frequency, speed, distance, capacity, required transfers, and employment density of the land use served by the corresponding transit service.
Employed equity indicators
MJA, equality, and justice metrics were calculated by county and MSA. MJA was calculated for each BG separately by income and race. Since our study aims to assess variation in trends among cities as reported in the single city studies, we chose to use consistent metrics to those reported previously. Based on the review of city-specific studies, we used the Gini Index as a measure of equality since it was the most commonly cited indicator. The Gini Index assesses whether the distribution of an indicator (e.g., accessibility) is distributed equally among the population (Ceriani & Verme, 2012) with 0 representing perfect equality and 1 representing inequality. In this study, the Gini Index represents the evenness of the distribution of job access (MJA) across the MSA or county populations (living in BGs) regardless of income, social class, need, or ability. The Gini Index, as discussed above, may have advantages and disadvantages for integration into policy objectives; for example, perfect equity of transit services among the population may not be preferable if the goal is to provide service to underserved populations. Nonetheless, the Gini Index provides a scale-and demand-independent means for assessing to what extent MJA is close to equality. We used the difference in MJA (by applying equation 1 to each group) between low-income nonWhites (LINW) and high-income Whites (HIW) as the primary indicator of justice. LINW is defined as non-Whites in the lowest median household income decile; HIW is defined as Whites in the highest median household income decile. LINW and HIW are reported as a ratio to each MSA's mean MJA to account for differences in overall accessibility among cities. Then, using these ratios, we calculated differences between groups with a higher positive difference between LINW and HIW indicating relatively higher job accessibility for LINW and higher justice. Table 1 provides a summary of the dataset. Autouse and English as the spoken language are reported in Table S1 . In addition to the descriptive indicator analyses described above, we also used multivariate regression to assess trends in MJA when accounting for multiple explanatory factors (e.g., race and income). A normality test on job accessibility data indicated the need for log-transformation for regression analysis. Using a simple linear regression model (and BG as the spatial unit of analysis), we examined the effects of income and race as the core variables of interest (Table S2-S9) . BGs were aggregated by MSA and income interval ($2,500 income bins) to reduce error and uncertainty in the ACS income data estimates. We performed the regression analysis grouping by two MSA-level variables: (1) land area and (2) worker density (the number of resident workers per km 2 of the MSA). The regression analyses were performed for each race category in each MSA group yielding 16 models each for the area-based and density-based grouping (Table S2-S17). We assigned MSA-specific dummy variables to control for between-MSA differences in overall accessibility. We also included the percentage of the White population, and the percentage of the population with limited English speaking ability as a sensitivity analysis in supplementary models (Table S10-S17). Table 2 represents individual MSA information including MJA, Gini Index, job accessibility of highincome Whites (HIW) and low-income non-Whites (LINW), worker density, and the mean percentage of transit use as the method of commute. The supporting information (Table S20 ) includes county-level information. In Table 2 , HIW and LINW are given as the ratio to the MSA's mean job accessibility. As expected, job accessibility in each metro area is both highly correlated with transit ridership (Pearson (Table S18 ). In general, LINW is more than HIW among MSAs. Certain MSAs such as New York, Washington, DC, Houston, and Chicago have high overall job accessibility and very little difference between LINW and HIW. Among all MSAs, Louisville, Cincinnati, Nashville, Minneapolis, and Baltimore have the highest level of LINW as compared to HIW. In Minneapolis and Baltimore, low-income populations have the highest MJA, and transit ridership is relatively high. In general, job accessibility is negatively correlated to income decile (Table S19 ). However, certain MSAs (e.g., New York, Washington, D.C., Houston, and Chicago) do not follow this trend. In these MSAs, high-income deciles have very high job accessibility suggesting policy recommendations may differ by MSA. Job accessibility aggregated by income decile in individual MSAs are included in the supporting information (Table S19 ). Figure 1 shows the nation-wide spatial patterns of the Gini Index and LINW-HIW. Figure 2 shows the same patterns in the top eight MSAs with the highest job accessibility. The equality and justice metrics are neither correlated with each other, nor with SES variables, such as race and income (Table S18) . At the county level, equality metrics (the Gini Index) ranged from 0.10 (Le Sueur County, MN) to 0.87 (Clermont County, OH). Justice metrics (LINW-HIW) ranged from -1.88 (Hudson County, NJ) to 13.61 (Clermont County, OH). See the Supporting Information (Table S20) for the equality and justice metrics by county. All regression models show a significant relationship between MJA and income. Supplementary regression models (Table S10-S17) show there is a significant negative correlation between MJA and ability to speak English or the percentage of White workers. Figure 3 and Figure 4 present model-based predictions of MJA as a function of the average median household income for the four largest race-ethnicity groups (Whites, Blacks, Asians, Hispanics) by MSA size (land area) and MSA density (the number of workers living in each km 2 area). The regression models reveal an inverse relationship between MJA and the average median household income (model p-value<0.01). Across household income groups, job accessibility is often highest for Asians and lowest for Whites.
Results

Descriptive analysis of transit equality and justice among MSAs
Accessibility values shown in Figure 3 are modeled using simple linear regression. All models are statistically significant at p<0.01. Average difference (AD) values shown are for interquartile range incomes ($42.5k, $82.5k ) and for race-ethnicity groups with the highest and lowest job accessibility for that panel. Within individual MSAs, on average, accessibility differences by income are greater than accessibility differences by race (after controlling for income). The relative importance of race versus income for justice increases with MSA size. Also, the differences by race are greater among low-income populations. In upper mid-size and large MSAs, differences by race increase. In large MSAs, accessibility differences by the percentage of White workers are significant controlling for race and income (Table S10-S17). In small and mid-size MSAs, accessibility differences by the percentage of workers with limited English speaking ability are significant controlling for race and income (Table S10-S17). Figure 4 shows the relative importance of race versus income for justice increases with MSA density. In low-density MSAs, differences by race increase among the low-income populations. In upper medium density and high-density MSAs, disparities by race increase among all income groups. Also, the relative importance of race versus income for justice increases with MSA density. Based on these observations, Asians have the highest transit access, often followed by Blacks, Hispanics, and Whites. 
5
Discussion and conclusion
Strengths and limitations
Accessibility is an important indicator of benefits from transportation plans and investments (Golub, & Martens, 2014) . Previous research on job accessibility and social equity of public transportation often include one or few small areas, cities, or regions. A contribution of this research is the inclusion of the 45 largest MSAs in a single analysis using the most detailed evaluation to date of access to jobs by transit (Owen & Levinson, 2014) . There are limitations with both the transit data and Census demographic data since neither cover within BG variations, nor do they provide more than a limited number of SES and transit-related variables. For example, the cumulative opportunity indicator of accessibility, which is used in this study, counts the number of jobs that are available only within a 30-minute threshold regardless of other important factors, such as occupational matching. In fact, if residents of an area are close to many job opportunities, but do not have the required modal connections, flexible transit schedules, and skills or education, they still have low access to employment. This study covers the largest MSAs, which are home to the majority of the nation's racial and ethnic groups and immigrants. In addition, these areas include a high concentration of rental housing. Thus, the conclusions made by this study may not reflect the reality in small MSAs and their counties.
We acknowledge limitations associated with the choice of equality and justice indicators. No single indicator can represent all aspects of these concepts. For example, the Gini Index may provide unrealistic or undesirable goals for providing perfect equality in transit systems. Public transit is effective when linking high densities of potential users to high densities of potential destinations. Thus, it is difficult for operators to provide exactly equal service across a region. Furthermore, the Gini Index is sensitive to boundary selection (see, e.g., Bertolaccini & Lownes, 2013; Feng & Zhang, 2014) . Thus, several measures with analyses of other transportation modes should be applied along with the Gini Index to compare and contrast the equity implications of different policies. For example, justice indicators (such as the indicator described here) may be appropriate when providing improved access to underserved communities is desired.
Key findings and comparison to previous work
Except in certain MSAs, we find that access to jobs by the use of public transportation is generally higher for low-income and non-White populations. This finding is in agreement with previous research that highlights the attractiveness of public transportation for low-income and minority populations (e.g., Glaeser, Kahn, & Rappaport, 2008; Sanchez, et al., 2003) and with research at the MSA level (e.g., Chen, & Akar, 2016) . In large MSAs, such as New York, Washington, DC, Chicago, and Houston, high-income deciles have relatively higher job accessibility levels (which is consistent with Hickey, et al., 2010) . The existing studies on income and distance from the CBD support this finding by showing that in these specific MSAs the BGs closest to the city center are often among the wealthiest in the metropolitan area and in close proximity to low-income BGs. Most other MSAs follow a different pattern in which the high-income populations, who are mostly White and can afford a personal vehicle, tend to move towards suburbs and have lower job accessibility by transit (Merlin, 2016) . Our analysis demonstrated that income is an important variable; however, it is useful to include race, the percentage of White populations living in the area, and the percentage with limited English speaking abilities in transit equity analyses to assess job accessibility patterns among BGs. In some MSAs (Table S9 -S16), within low-income populations, there is a disproportionate difference in accessibility levels between those who live in predominantly White communities and those who live in predominantly non-White communities (which is consistent with Taylor & Ong, 1995) . Also, those with limited English speaking ability seem to have significantly lower transit job accessibility in certain MSAs (Table S9-S16) . This study explored one aspect of transportation infrastructure -benefits associated with access to jobs by transit. Any infrastructure investment should assess both benefits and burdens of a project. For example, previous work on air pollution (e.g., Clark, et al., 2014) suggests low-income non-White populations experience higher exposure to air pollution. Thus, transit service benefits and the resulting burdens (e.g., air pollution, noise, change in housing value, etc.) should be considered simultaneously in any broad equity analysis. One important consideration in this regard, which is also evident in the literature on equity, is whether disproportionate siting comes first or disproportionate groups of minorities re-locate due to the low cost of housing (see, e.g. Pastor, Sadd, & Hipp, 2001 ).
5.3
Implications for future research Improved accessibility indicators should include modal, temporal, and occupational matching factors. Using both Census data and ridership data, future multi-city analyses could address the access gap between where underserved communities reside and where relevant jobs are located. More work is needed to assess intermodal accessibility, for example, trends of job accessibility by car and transit. In general, tracking trends in equality and justice indicators over time would create a basis for an adaptive response that may help to prevent inequitable developments and increase agency responsiveness to the public. The literature on transit equity suggests that limitations in measuring job accessibility also apply to the operationalization of transit equity indicators in practice. Social equity is difficult to evaluate in detail because of the limitations of our ability to develop robust indicators and measure various impacts. These limitations are evident in the U.S. Census Bureau's 2014 ACS 5-year estimate data as well as many of the publicly available accessibility indicators. Geographical and procedural equity analysis is not within the scope of the current research. Nevertheless, there is a need to optimize the existing indicators that measure how finance and prioritization of transit projects contribute to better access to opportunities, particularly, for underserved communities (Bocarejo & Oviedo, 2012) . Despite increases in public transit investment, usage continues to decline as a percentage of urban travel. Cost of travel is an important factor and ignoring transit fares may result in an overestimation of job accessibility (El-Geneidy, et al., 2016) . Access to retail, school, health, and recreational facilities for different population groups should be investigated along with other equity metrics. For further guidance on equity analysis of transit investment see Karner (2016) ; Manaugh, et al. (2015) ; MTC (2009); Walker (2008) .
